A Gram-stain-positive, rod-shaped, endospore-forming bacterium, strain D45 T , was isolated from soil in Nanjing, China. The organism grew optimally at 30 6C, pH 7.0 and with 0 % NaCl (w/v). The 16S rRNA gene sequence of the isolate showed similarities lower than 97 % with respect to species of the genus Cohnella. The predominant respiratory quinone was MK-7, with MK-6 present as a minor component; anteiso-C 15 : 0 and iso-C 16 : 0 were the major fatty acids. The polar lipids of strain D45
, was isolated from soil in Nanjing, China. The organism grew optimally at 30 6C, pH 7.0 and with 0 % NaCl (w/v). The 16S rRNA gene sequence of the isolate showed similarities lower than 97 % with respect to species of the genus Cohnella. The predominant respiratory quinone was MK-7, with MK-6 present as a minor component; anteiso-C 15 : 0 and iso-C 16 : 0 were the major fatty acids. The polar lipids of strain D45
T were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, two aminophospholipids, four phospholipids, two glycolipids, one aminolipid and two lipids. The genus Cohnella, a member of the family Paenibacillaceae, was first proposed by Kämpfer et al. (2006) and its description was emended by García-Fraile et al. (2008) . Members of the genus Cohnella are Gram-stain-positive, aerobic, rod-shaped and spore-forming. The predominant respiratory quinone is MK-7, major fatty acids are iso-C 16 : 0 , anteiso-C 15 : 0 and C 16 : 0 and predominant polar lipids are diphosphatidylglycerol, phsphatidylglycerol and phosphatidylethanolamine (Kämpfer et al., 2006) . At the time of writing, it comprises 22 species with validly published names (http://www.bacterio.net/cohnella.html), including C. hongkongensis and C. thermotolerans (Kämpfer et al., 2006) , C. laeviribosi (Cho et al., 2007) , C. phaseoli (García-Fraile et al., 2008) , C. damuensis (Luo et al., 2010) , C. fontinalis (Shiratori et al., 2010) , C. ginsengisoli and C. yongneupensis (Kim et al., 2010) , C. luojiensis (Cai et al., 2010) , C. terrae and C. xylanilytica (Khianngam et al., 2010a) , C. thailandensis (Khianngam et al., 2010b) , C. panacarvi (Yoon et al., 2007) , C. cellulosilytica (Khianngam et al., 2012) , C. soli and C. suwonensis (Kim et al., 2011) , C. boryungensis (Yoon & Jung, 2012) , C. arctica (Jiang et al., 2012) , C. ferri (Mayilraj et al., 2013) , C. formosensis (Hameed et al., 2013) , C. lupini (Flores-Félix et al., 2014) and C. rhizosphaerae (Kämpfer et al., 2014) and the species 'Cohnella plantaginis' has been proposed but its name is not validly published. The aim of this study was to elucidate the taxonomic position of strain D45 T based on phenotypic, chemotaxonomic characterization and 16S rRNA gene sequence analysis.
Strain D45
T was isolated from a soil sample collected from Nanjing, China (31u 479 N 118u 459 E) using a dilution plating method on a sucrose-mineral salts medium (Huang et al., 2012) . Strain D45
T was picked out and purified by subculturing onto the same medium. On this medium, D45
T could produce obvious extracellular polysaccharide. The Gram reaction was performed using the standard Gram staining method according to the protocol of Shen et al. (1999) . Cell morphology and motility were investigated by light microscopy (CX21; Olympus) and transmission electron microscopy (H-7650; Hitachi) using cells from the exponential phase of growth. LD medium, containing (l 21 ) 10 g tryptone, 5 g yeast extract and 2.5 g NaCl, was used in experiments to determine growth at different temperatures (4, 10, 15, 20, 30, 37, 42 and 45 u C), at pH 4-10 (at intervals of 1 pH unit; the pH values were adjusted with HCl or Na 2 CO 3 ) and requirement for NaCl (0-5 %, w/v, at intervals of 1.0 %). Catalase activity was determined by assessing bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine. Methyl red and VogesProskauer reactions, hydrolysis of gelatin, xanthine and hypoxanthine were performed according to the methods of Shen et al. (1999) and Gordon et al. (1974) . Other physiological and biochemical properties were tested using API50CH, API20NE and APIZYM systems (bioMérieux) according to the manufacturer's instructions. The API50CH tests were read after 3 days at 30 u C.
For cellular fatty acid analysis, cell mass of D45 T and reference strains was harvested from LD plates after incubation for 2 days at 30 u C. Fatty acid methyl esters were extracted and prepared according to the protocol of the Sherlock Microbial Identification System (MIDI). Fatty acids were analysed by GC (model 6890; Hewlett Packard) and identified and quantified by using the TSBA6 database (version 6.10) of the MIDI. Respiratory quinones were extracted, purified and analysed by HPLC as described by Collins (1985) . Polar lipids were extracted using the twostage method described by Tindall (1990a, b) and were identified using two-dimensional silica gel TLC followed by spraying with appropriate detection reagents (5 % ethanolic molybdophosphoric acid for detection of all lipids, ninhydrin reagent for lipids containing free amino groups, Zinzadze reagent for phosphorus-containing lipids and anaphthol reagent for glycolipids). The type of diamino acid of the cell wall peptidoglycan was determined as described by Rhuland et al. (1955) .
For analysis of the 16S rRNA gene sequence, bacterial genomic DNA was extracted using a Qiagen Genomic DNA kit. The 16S rRNA gene was amplified and sequenced as described previously (Huang et al. 2012) . Phylogenetic analysis was performed using MEGA software (version 6.0) after multiple alignments were performed by using CLUSTAL_X. Phylogenetic trees were reconstructed with neighbourjoining, minimum-evolution and maximum-likelihood methods. Confidence values of branches of the phylogenetic trees were determined using bootstrap analyses based on 1000 resamplings. The DNA G+C content of strain D45 T was determined as described by Mesbah et al. (1989) using reversed-phase HPLC. DNA-DNA hybridization was carried out as described by De Ley et al. (1970) using a UV/VIS spectrophotometer (UV1201; Rayleigh).
Cells of strain D45
T were Gram-stain-positive, aerobic, rod-shaped (0.7-1.0 mm wide and 2.3-3.0 mm long) and motile by means of peritrichous flagella ( Fig. S1 ; available in the online Supplementary Material). Oval spores were formed (Fig. S2) . Colonies on LD were circular, convex opaque, white and about 1-2 mm in diameter after growth at 30 u C for 48 h. D45
T could grow at 15-42 u C (optimum, 30 u C), at pH 6-8 (optimum, pH 7) and with 0-2 % (w/v) NaCl (optimum, 0 %). Detailed physiological and biochemical characteristics of D45
T are given in Table 1 and the species description.
The major fatty acids (.0.5 %) of strain D45
T were anteiso-C 15 : 0 (47.7 %), iso-C 16 : 0 (25.7 %), iso-C 15 : 0 (6.5 %), iso-C 14 : 0 (5.7 %), C 16 : 0 (5.5 %), anteiso-C 17 : 0 (4.3 %), iso-C 17 : 0 (1.4 %) and C 14 : 0 (1.0 %). This fatty acid profile was similar to that of C. thermotolerans (Table S1 ). Strain D45
T contained menaquinone 7 (MK-7; 96 %) as the Methyl red 2 + 2 Acid production from (API 50 CH):
Arginine dihydrolase + 2 2 Urease + 2 2 Enzymic activities (API ZYM):
predominant quinone and had MK-6 (4 %) as a minor component. The predominant polar lipids of strain D45 T were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, two aminophospholipids, four phospholipids, two glycolipids, one aminolipid and two lipids (Fig. S3) . The isomer type of diamino acid of the cell wall peptidoglycan was meso-diaminopimelic acid.
16S rRNA gene sequence (1515 bp) of strain D45 T was obtained and subjected to similarity searches using the sequence matching tool of the NCBI BLAST program (http://www.ncbi.nlm.nih.gov) and the eztaxon-e database (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . On the basis of 16S rRNA gene sequence similarities, the closest phylogenetic neighbours of strain D45
T were determined to be Cohnella ginsengisoli GR21-5 T (96.6 %), Cohnella thermotolerans CCUG 47242 T (96.5 %) and 'Cohnella plantaginis' YN-83 (96.1 %). It is generally accepted that strains with ,70 % DNA-DNA relatedness values or .3 % 16S rRNA gene sequence dissimilarity can be considered as belonging to separate species (Wayne et al., 1987; Stackebrandt & Goebel, 1994) . According to these criteria, data for strain D45
T indicate that this strain represents a novel species of the genus Cohnella. The neighbour-joining tree ( Fig. 1) based on 16S rRNA gene sequences showed that strain D45
T lay within the radiation of the genus Cohnella. Similar tree topologies were seen in the minimumevolution and maximum-likelihood phylogenetic trees (Figs S4 and S5) . Strain D45 T , C. ginsengisoli GR21-5
T and 'C. plantaginis' YN-83 formed an independent cluster with a bootstrap value of 89 %. The DNA G+C content of strain D45 T was 59.5 mol%, which was close to the values reported for other species of the genus Cohnella. DNA-DNA hybridization studies showed relatively low values with C. ginsengisoli DSM 18997 T (33.4 %) and C. thermotolerans DSM 17683 T (25.8 %) . Both of the values were significantly lower than 70 %, the threshold value recommended for the assignment of genomic species (Wayne et al., 1987) .
On the basis of the data from the present polyphasic taxonomic study, strain D45
T is considered to represent a novel species of the genus Cohnella, for which the name Cohnella nanjingensis sp. nov. is proposed.
Description of Cohnella nanjingensis sp. nov.
Cohnella nanjingensis (nan.jing.en'sis. N.L. fem. adj. nanjingensis of or belonging to Nanjing, China, the location of the soil sample from which the type strain was first isolated). tol, N-acetyl-glucosamine, potassium gluconate, malic acid and trisodium citrate, but negative for glucose fermentation and utilization of maltose, capric acid, adipic acid and phenylacetic acid. In the APIZYM system, activity is detected for esterase (C4), esterase lipase (C8), naphthol-AS-BI-phosphohydrolase and b-galactosidase. No activity is detected for alkaline phosphatase, lipase (C14), leucine arylamidase, valine arylamidase, cysteine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, a-galactosidase, b-glucuronidase, a-and b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. The major fatty acids (.10 %) are anteiso-C 15 : 0 and iso-C 16 : 0 . The predominant menaquinone is MK-7. The polar lipids comprise diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, two aminophospholipids, four phospholipids, two glycolipids, one aminolipid and two lipids. The isomer type of the diamino acid of the cell wall peptidoglycan is meso-diaminopimelic acid.
The type strain, D45 T (5CCTCC AB 2014067 T 5DSM 28246 T ), was isolated from soil in Nanjing, Jiangsu Province, China. The DNA G+C content of the type strain is 59.5 mol%.
